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INTRODUCTION 
The stress state characterization in materials, is more and more necessary in mechanical 
industries. Indeed, the performance of pieces under mechanical, thermal or chemical 
perturbations, is intimately related to their stresses distribution. 
The knowledge of the stress state is particularly important in the realization of large 
dimensions aeronautic structures for which tolerances are very strict. These structures are 
manufactured by machining thick laminated sheets in which a residual stresses distribution 
exists. But, the removing matter leads to a "redistribution" of internal stresses, which cause 
twisting or bending deformations. These deformations are unacceptable in industry, because 
complementary finishing processes are necessary. The estimation of the stress profiles 
before machining will allow the checking of the sheet stresses state on the one hand and the 
reduction of the deformations by choosing the best adapted machining on the other hand. 
Several non-destructive methods for the determination of the stresses are currently 
developed. However, the material to be characterized here is an aluminum alloy composed 
of grains which size is quite important (::::<150 !lm). Moreover, the control must be 
performed on-line. For these reasons, the ultrasonic method seems more convenient. 
In this work, some residual stress profiles versus the position along the samples 
thickness are presented using surface acoustic wave. Two methods have been used: the 
first one using a wedge method and the second one based on an interferometric technique. 
The results provided by these methods are compared to other ones obtained by a 
destructive method. 
ULTRASONIC METHOD FOR STRESS MEASUREMENT 
This method is based on the measurement of the velocity variations of ultrasonic wave 
versus the stress state of the material. In the linear elasticity theory, the acoustic wave 
velocity is determined from both density and second order elastic constants. 
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Figure 1. Geometry of a rolling thick sheet. 
In this case, the stress state is not taken into account. Consequently, it is necessary to 
develop the equations of motion to a higher order, so that the velocity is a function of the 
mechanical state of the material [1,4,6]. 
The main aim of this work is to set the residual stress profiles versus the position along 
the sheets thickness (Fig. 1 ). In view of geometry and dimensions of the pieces, surface 
acoustic waves are used in order to obtain informations on the stress. 
The propagation equation of the Rayleigh wave in a pre-stressed medium with uniform 
texture leads to the following result [3, 5]: 
(1) 
where VR and v~ are the velocities in the stressed and unstressed medium respectively. Kl 
and K2 are coefficients which depend on second and third order elastic constants. ell, e22 are 
the strains in the directions "1" and "2" respectively. This result is obtained under the 
assumptions of an homogeneous and small pre-deformation. 
The residual stresses fields due essentially to thermal processes, are following the rolling 
(direction 1) and transverse rolling (direction 2) directions. The stress along the thickness 
(direction 3) is small and generally neglected. The same assumption will be made in this 
study. 
EXPERIMENTAL RESULTS 
The measurements are made on samples issued from an aluminum alloy rolling sheet 
(2214). A calibration phase which consists on determining the acoustoelastic coefficients 
which link the propagation velocities to the state of stress is necessary. These coefficients 
corresponding to the slope of the relative variation curve of the velocity as a function of the 
applied stress [1] are given by: 
(2) 
where TK is the stress in the direction "K". (A)~ is the acoustoelastic constant 
corresponding to the propagation of the Rayleigh wave in the direction "D" and to the 
applied load following the direction "K". The acoustoelastic coefficients are a function of 
both the acoustic wave nature and the applied load direction. The material to be 
characterized here presents an orthotrope symmetry and a uniform texture. It is why the 
acoustoelastic coefficients will also depend on the direction of the wave propagation in the 
sample. In our case, the symmetry axes coincide with the main directions of the strains 
(directions I and 2). 
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Firstly, wedge probes are used in order to generate and receive the Rayleigh wave. These 
sensors, convenient and easy to use, offer interesting amplitude levels. Probes of small sizes 
have been selected to provide a good spatial resolution. 
Figures 2 and 3 show respectively the velocity and the stress variations as a function of 
the position along the thickness. These curves are obtained by using 2.25 MHz surface 
acoustic waves on a sample of 45 millimeters thick. 
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Figure 2. Relative variation of SAW velocity versus the position along the thickness. 
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Figure 3. Variation of stress versus the position along the thickness of the sample. 
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Figure 4. Variation of the stress versus the position along the thickness of the sample. 
Results obtained by the destructive method. 
These results show a good agreement between the stresses profiles obtained by the 
ultrasonic technique and by a destructive method (Fig.4). 
The use of wedge probes presents some disadvantages. At the vicinity of the sample 
surfaces parallel to the rolling plan, the propagation conditions of the Rayleigh wave are 
modified. This induces a perturbation in the propagation velocity, so it is difficult to 
estimate the real stress in these regions. This technique needs also a mechanical contact 
between the sensor and the sample surface, which constitutes a handicap for on-line 
measurements. Finally, the variations of the coupling fluid thickness limit the accuracy of 
measurements. 
In order to avoid these disadvantages, an other device based on the interferometric 
technique have been used. In this case, measurements are completely independent on the 
emitter sensor, since the velocity is obtained from the flight time measurement between two 
laser impact points (see Figure 5). The laser beams are diffracted on the surface deformed 
by the crossing of SA W generated by a wedge transducer. The displacements of the surface, 
at both of the laser impact points, are obtained by the knife edge method [7] . The time 
difference between two oscillations gives the velocity of SA W. The results obtained by this 
technique, shown in figure 6, confirm those given previously. However, the measurement 
conditions are more difficult because this method is very sensitive to the surface state. 
CONCLUSION 
The above results show that the surface acoustic wave technique is convenient to 
determine the stresses profiles in aluminum alloy sheets. 
However, the main difficulty of the ultrasonic method for the measurement of residual 
stresses in industrial materials is to separate the texture effect from the stress effect. A 
combination of different types of waves can provide a good solution. 
Finally, the evaluation of stresses at the vicinity of sample surfaces parallel to the rolling 
plan, could be achieved from the Rayleigh wave dispersion measurements carried out on 
these surfaces. 
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Figure 5. Optical system for measurement of ultrasonic wave velocity. 
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Figure 6. Relative variation of SAW velocity versus the position along the thickness. 
Results obtained with the interferometric technique. 
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